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PCTAB 02AD5581 




Description, Pages 

1,2, 2a, 3-7 



filed with telefax on 12.03,2004 



Claims, Numbers 

4 in filed with telefax on 1 2.03.2004 



2. 




These elements were available or furnished to this Authority in the following language; , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under 
Rule 55.2 andfcr 55.3). 

3 With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
* international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form 

□ filed togetner with the International application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable torm. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure 
in the international application as filed has been furnished, 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation oh 

□ the description, pages: 
H the nl* ims, Nos.: 

□ the drawings, sheets: 

5. □ This report has been established as if (some of) the amendments had not been made, since they have 

been considered to go beyond the disclosure as filed (Rule 70.2(c)). 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 
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V. Reasoned statement under Article 35/2) with rmarri nAtMM . 4 - 

citations and explanations aupporfing! s JSS & "° Ve,tV ' mV6ntive ste " or j nduatrial app/fcabi.fty- 



1. Statement 
Novelty (N) 

Inventive step (IS) 

Industrial applicability fJA) 

2. Citations and explanations 
see separate sheet 



Yes: Claims 

No: Claims 

Yes: Claims 

No: Claims 

Yes: Claims 

No: Claims 
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10 

1 10 
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INTERNATIONAL PRELIMINARY 

EXAMINATION REPORT - SEPARATE cu^™*' 0 "*' a ^ ,icati °n Na PCT/IB 02/05581 



fl« Item j 

Basis of the report 

A1 T dmemS (S ? bG,0W) d ° not lntroducc Object-matter which extends 

beyond the content of the application as originally filed. 

A.2 The unclear term "ethyl isopropionate" has been deleted from the list of *n~ m ^ 
polar compounds for the definition of the precipitation solvenTm ^ t c*m1 
The descnpt.on has been amended accordingly (see page 3, line 8). ' 

A.3 The original claim 6 has been deleted and original claims 7-1 1 have be*n 
renumbered in new claims 6-1 0. 

A.3 The relevant prior art has been acknowledged in the description (on page 2a). 
A.4 Few typing errors have been corrected. 

BgJignLY. 

Reasoned statement under Article 35(2) with regard to novelty, inventive step or 
■ndustna. app.icabiHty; citations and explanation* supporting such statomem 



1. PRIOR ART. 

Reference is made to the following documents cited in the International Search 
Report; 

D1: WO 0018423 A; 
D2: WO 0055190 A; 
D3: EP 0136728 A; 
D4: EP 0955308 A; 
D5: WO 9110677 A. 



.1 



D1 d IS closes LH-RH peptide analogues and their pharmaceutical^ acceptable 
salts for the manufacture of medicaments (see abstract and page 11, line 2) 
Abarelix is mentioned among the representative peptide analogues (see page 1 1 
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1.2 



1.3 



1.4 



1.5 



£2 n disc,oses the acetate sa,ts of *~ — * 

D2 discloses LH-RH antagonists for the manufacture of medicaments against 
hormone-dependent tumours and hormone-influenced diseases (see abstrac ) In 
specific embodiments, the antagonists are decapeptides and are pu^ed by 
means of preparative HPLC and frecze-drying (see examples 1-6). 

D3 discloses a process for dissolving peptides and proteins in mixed non- 
aqueous/aqueous solvents in the presence of crown-ethers (see claim 1) For 
example such a process is useful for purification and/or separation purposes (see 
claim 1 1 . in a specific embodiment, the non-aqueous solvent is ethanoTor 

a^d pTge ~ " ^ ^ ^ ^ ^ 5 

D4 discloses a process for the purification of oligopeptides used for the 
manufacture of medicaments (see abstract). In particular, the oligopeptides are 
LH-RH antagonists of 10 amino acids (see page 4, linos 33-45). The purification 
process involves the hydrochloride salts of the oligopeptides, which are 
transformed in the corresponding acetate by means of a single-step liquid 
chromatography (see claim 1). In a prefeired embodiment, the hydrochloride salts 
are obtained by means of lyophilisation (see claim 3). 

D5 disposes a process for the separation and the purification of biomolecules by 
means of an aqueous/organic solvent system, which undergoes phase separation 
upon the addH.on of salts (see claim I). In preferred embodiments, the 
biomolecules are proteins (see examples 1-4). 



2. 
2.1 



NOVELTY (Art. 33(2) PCT) and INVENTIVE STEP (Art. 33(3) PCT). 



The subject-matter of claims 1-9 appears to be novel and to involve an inventive 
step because the available prior art does not disclose or suggest any process for 
the punfication of peptides from residual organic solvents as claimed 
2.1° The claimed purification process mainly differs from the known processes in the 
use of the precipitation solvent mixture, which comprises both polar and non-polar 
solvents. In particular, the purification methods disclosed in D3 and D5 applies to 
enzyme and recombinant proteins, rather than oligopeptides as the claimed 
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method, and do not involve any precipitation solvent mivt,,^ - indicatrsH 
but dialysis and phase partitioning are used for recove^e solubS ? 
(see point 1.3 and 1.5 above). D2 and D4. which con "™ oHgo^Saf dlscoT 
chromatographic purification methods with the final Wo m JZ £Z e ^ 
but no precpitation step (see points 1 .2 and 1 .A above) 6S ' 

]^2f h 2 °L D4 38 ^ r6l6Vant State ° f the art ' the P rob,em ^ be solved can be 
regarded as the provision of further proce 3 aes for the purification of oS^Si 

r a rrr c «- a,s ° - — ■ »*. p^rrrr 

>.1 C The claimed process is to be considered as involving an inventive step because 

has nit hi* PreCjPitat, '°: S0 ' Vent mlXtUrS C ° mprisin 9 P° ,ar a " d "on-polar so^nts 
has not been suggested in the available prior art, and in particular no 

nnl°H /precipitat,on P^dure has been suggested for solving the problem 
posed wrth respect to the residual organic solvents. Even if the dia, y si S of D3 L 
be considered a precpitation step (it leads to the palpitation of the protein) T 
does not ,nvolve any non-polar solvent, and D3 does not concern any organ c 
solvent contaminant. y or 9 Qmc 



2.2 



2.2 s 



2.2* 



yi^TTr***' ° f ° ,aim 1 ° iS n ° Vel ° Ver the aval,ab,e P rior art. because none 
to Lth C ec.aim CUmentS *° m ° n ° acetate of the * b * reI * P»P*e referred 

D1 is considered to represent the relevant state of the art because it discloses 
pharmaceutical^ acceptable salts of the abarelix peptide, from which the subject- 
matter of claim 10 differs in the monoacetate salt form (see point 1 1 above) 
In the light of this prior art, the problem to be solved can be regarded as the 
provision of further phamiaceuticaiiy acceptable salts of the abarelix peptide 
2.2° The subject-matter of claim 1 0 cannot be considered as involving any inventive 
stop because D1 and D4 indicate the acetate moiety as a suitable and preferred 
counter-ion for the salts of this peptide or peptides of the same family and 
structure (see points 1 . 1 and 1 .4 above). 
2.2 d The monsacetate feature is implicit for the abarelix acetate salt because this 
peptide presents a single basic group (on the Lys('Pr) residue). Under 
pharmaceutical^ acceptable conditions, this basic group carries a positive charge 
which is counter-balanced by an anion in the salts of the peptide. Hence a sjnale. ' 
acetate moiety is to be indicated in the chemical formula of the abarelix acetate 
^ salt suggested by the prior art, i.e. this salt is inherently a monoacetate. 
2.2 e Provided that two or more phaimaceutically acceptable acetate salt forms exist for 
the abarelix peptide, the specific choice of the monoacetate form is to be 
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considered a selection between/among the equivalent alternatives of these 
acetate salt forms suggested in the prior art. Such a selection can only be 
regarded as Inventive, if the abarelbc monoacetate prints unexpected effects or 
property (i.e. pharmacological or pharmaceutical properties) with respect to 
other acetate salt forms of the abarelix peptide. However, no such effects or 
properties are indicated in the application, which only provides experimental data 
about the punfication process and no evidence of other acetate salt forms Hence 
no mventrve step is present in the subject-matter of claim 10. ' 



3. INDUSTRIAL APPLICABILITY (Art. 33(4) PCT) 
3.1 



Claims 1-9 and 10 relates to methods for the purification of oligopeptides and to 
an oligopeptide derivative of pharmaceutical interest. These methods and this 
pharmaceutical compound can be applied/used in the pharmaceutical industry 
hence they are to be considered industrially applicable according to article 33(4) 



4. CLARITY (Art. 6 PCT). 



4.1 



The International Preliminary Examination Authority is of the opinion that the 
vague statement in the description on page 2 (see lines 21-23) implies that the 
subject-matter for which protection is sought may be different to that defined bv 
the claims, thereby resulting in lack of clarity when used to interpret them fsee 
also the PCT Guidelines, m-4.3a). In particular, the wording - Further objects of the 
inventions mil become obvious from... the appended claims" relates to additional 
subject-matter, which is not clearly defined and does not fall within the scope of 
the claim. 
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PEPTIDE PURIFICATION 



IELD OF THE INVENTION 



The 'present invention relates to the purification of peptides, 
in particular intermediate-size peptides, more particularly 
nona- and. decapep tides, such as LHRH-ant agonists . 



BACKGROUND OF THE INVENTION 




Most intermediate sisze natural and synthetic peptides are 
amorphous substances .\Many of them have pharmacologically 
interesting properties ,\such as many nona- and decapeptides 
which are LHRH (luteinizing hormone-releasing hormone) 
antagonists. One particulars substance of this kind known only 
in amorphous form is the synthetic decapeptide of the formula 
(I) 



Ac-D-2Nal-D-4ClPhe-D-3Pal-Ser-MeTyr-D-Asn-Leu-Lys (iPr) -Pro- 
D-Ala-NH 2 (I) 




which, being a potent LHRH antagonist, %as desirable 
> pharmacological properties. 




For use in pharmaceutical preparations it is^necessary for the 
LHRH antagonist (I) and nona- and decapeptides. of similar 
structure to be essentially pure. The raw product obtained in 
) the last step of a multiple-step synthesis is purified by 
chromatographic and other methods. To eliminate resddual 



solvent from the chromatography a thus purified product 
usually has to be dissolved in an aqueous medium and freeze- 
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dried. This is a costly process producing a voluminous product 
which is not easy to handle. 

A process of purification of an otherwise pure peptide from 
residual organic solvent by other means than f reeze-drying 
thus is desirable. 



10 



15 



20 



25 



OBJECTS OF THE INVENTION 

It is an object of the present invention to provide a process 
of purification of an otherwise pure peptide of the 1 
aforementioned kind from residual organic solvent which avoids 
f reeze-drying. 

It is another object of the present invention to provide such 
an otherwise pure peptide which is essentially free from 
residual organic solvent and is not in the form of a 
cryoprecipitate . 

Further objects of the invention will become obvious from the 
following summary of the invention, the description of a 
preferred embodiment thereof, and the appended claims. 



SUMMARY OF THE INVENTION 



According to the present invention is provided a process of 
purification of an otherwise pure peptide, in particular a 
30 nona- or decapeptide, most particularly a nona- or decapeptide 
which is an LHRH antagonist, from residual organic solvent, 
comprising the following steps: 
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- dissolving said otherwise pure peptide in a dissolution 
solvent mixture comprising water and at least one alcohol 
selected from methanol, ethanol, propanoic isopropanol; 

- adding the solution of the otherwise pure peptide in said 

5 solvent mixture to a vigorously stirred precipitation solvent 
mixture essentially consisting of one or several polar 
compounds selected from methyl acetate, ethyl acetate, methyl 
propionate, ethyl propionate, ethyl isopropionate, butyl 
acetate, isobutyl acetate, t-butyl acetate, ethyl formate, 
10 propyl formate, isopropyl formate, and one or several non- 
polar compounds selected from hexane, heptane, octane, 
cyclohexane, methyl cyclohexane, and, optionally, of up to 5% 
of acetic or propionic acid; 

- isolating the precipitated peptide; 

15 - washing the isolated peptide with one or a mixture of said 
polar compounds or a solvent or solvent mixture of similar 
polarity, 

- drying the washed peptide, 

with the provisio that the water content of said solvent 
20 mixture comprising water and at least one alcohol is below 8% 
(v/v) , and that the volume ratio of the dissolution solvent 
mixture and the precipitation solvent mixture is 1:10 or more. 

"An otherwise pure peptide" is a peptide which is sufficiently 
25 pure for use in a medicine except for volatile impurities 

which need to be removed or the content of which needs to be 
substantially reduced. The otherwise pure peptide will 
normally be a substance having undergone purification by 
chromatography . 

30 

Preferably the otherwise pure peptide is 



Ac-D-2Nal-D-4ClPhe-D-3Pal-Ser-MeTyr-D-Asn-Leu-Lys (iPr) -Pro- 
D-Ala-NH2 (I) . 
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According to a first preferred aspect of the invention the 
water content of the dissolution solvent mixture is below 5% 
(v/v) . 

According to a second preferred aspect of the invention the 
volume ratio of the dissolution solvent mixture and the 
precipitation solvent mixture is at least 15, in particular at 
least 20. 

According to a third preferred aspect of the invention the 
alcohol of the dissolution solvent mixture is ethanol. 

According to a fourth preferred aspect of the invention the 
polar component of the precipitation solvent mixture is ethyl 
acetate. 

According to a fifth preferred aspect of the invention the 
non-polar component of the precipitation solvent mixture is 
heptane . 

In the following the invention will be described in greater 
detail by reference to a preferred embodiment thereof which 
should not be understood to limit the invention. 

DESCRIPTION OF A PREFERRED EMBODIMENT 

Example 1 . The fractions containing pure compound (1) (100 g 
in total) in ethanol-water-acetic acid 40:59:1 (v/v/v) 
obtained from preparative HPLC by which the synthetically 
obtained product had been purified were pooled and 
concentrated in vacuo to an oil which was co-evaporated twice 
from ethanol. The resulting solid was dissolved in 440 ml of 
ethanol and the resulting clear solution added over a period 
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of 20 lain to 8.8 L of ethyl acetate/heptane 1:1 (v/v) . 
Stirring was continued for 1 hour and filtered. The amorphous 
product was washed with 3 L of ethyl acetate; it was found 
that this removed nearly all heptane. The washed product was 
5 dried in a vacuum oven at 40oC at 0.3 bar for 48 hrs . 

Elemental analysis of the dried product indicated that the 
monoacetate of (I) had be obtained. Cryoprecipitation, in 
contrast, produces the corresponding diacetate. In the 
following Table analytical parameters of the monoacetate of 
10 (I) produced according to the invention are compared with 
those of a corresponding lyophilized product (diacetate) . 



Table. All percentages are by weight 
15 lyophilized product precipitated product 

Water 3.4 % 3.0% 

Ethanol <0.024% <0.024% 

Ethyl acetate <0.024% <0.024% 

20 Heptane <0.024% <0.024% 

Acetic acid (as acetate) 7.5% 3.9% 

HPLC purity 99.8% 99.8% 

Peptide content 88.8% 94.9% 

Loss in filtrate - 0.3% 



25 



30 



Example 2 . Variation of the composition of the precipitation 
solvent or solvent mixture; otherwise, procedure as in Example 
1. Precipitation in pure ethyl acetate results in from about 
3% to about 5% by weight loss of peptide. Precipitation in 
pure heptane results in a sticky product which is difficult to 
filter. A 1:1 (v/v) mixture of ethyl-acetate hexane gives a 
product which is easy to filter and dry; in repeated 
experiments the loss of peptide was always less than 0.5% by 
weight . 
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Example 3 . Variation df water content of the solution of oily 
product in the dissolution solvent (absolute ethanol) ; 
otherwise, procedure as in Example 1. A water content of 10% 
5 (v/v) results in a sticky product on precipitation which is 
difficult to filter. A water content of 15% (v/v) results in 
an oily product on precipitation. To obtain satisfactory 
results the water content must not exceed 8% (v/v) but should 
preferably be kept below 5% (v/v) . A water content below 5% is 
10 accomplished by co- evaporating the oily product from the 
chromatography at least twice with ethanol. 

Example 4 . Variation in precipitation temperature; otherwise, 
procedure as in Example 1. The precipitation temperature 
15 proved to be not critical. It could be varied from 0°C to 20°C 
without noticeable differences in product yield and 
morphology. 

Example 5 . Variation of concentration of (I) in the 
20 dissolution solvent; otherwise, procedure as in Example 1. It 
was found that the concentration of the oily product from the 
chromatography which" had" been co-evaporated with ethanol in 
the dissolution solvent should be as high as possible. Even a 
concentration of 330 g by weight could be used. 

25 

Example 6 . Variation of ratio between dissolution solvent and 
precipitation solvent volumes and other variations; otherwise, 
procedure as in Example 1. The optimum ratio was found to be 
about 1:20. It could be shown that ratios from 1:15 to 1:30 
30 gave satisfactory results. A ratio of 1:10 resulted in a 

sticky product. Precipitation is very fast. The suspension can 
be filtered 30 min after the last addition of dissolved 
substance. Washing with ethyl acetate did not result in loss 
of product but efficiently removed heptane. 



35 
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CLAIMS 

1. A process of purification of an otherwise pure nona- or 
5 decapepticie from residual organic solvent, comprising the 
following steps: 

- dissolving the nona- or decapeptide in a dissolution solvent 
mixture comprising water and at least one alcohol selected 
from methanol, ethanol, propanol, isopropanol; 

10 - adding the solution of the nona- or decapeptide in said 

solvent mixture to a vigorously stirred precipitation solvent 
mixture essentially consisting of one or several polar 
compounds selected from methyl acetate, ethyl acetate, methyl 
propionate, ethyl propionate, ethyl isopropionate, butyl 

15 acetate, isobutyl acetate, t-butyl acetate, ethyl formate, 
propyl formate, isopropyl formate, and one or several non- 
polar compounds selected from hexane, heptane, octane, 
cyclohexane, methylcyclohexane, and, optionally, of up to 5% 
of acetic or propionic acid; 

20 - isolating the precipitated nona- or decapeptide; 

- washing the isolated nona- or decapeptide with one or a 
mixture of said polar "compounds " or a solvent .or" solvent 
mixture of similar polarity, 

- drying the washed nona- or decapeptide, 

25 with the provisio that the water content of said solvent 

mixture comprising water and at least one alcohol is below 8% 
(v/v) , and that the volume ratio of the dissolution solvent 
mixture and the precipitation solvent mixture is 1:10 or more. 

30 2. The process of claim 1, wherein the water content of said 
solvent mixture comprising water and at least one alcohol is 
below 5% (v/v) . 
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3. The process of claim 1, wherein said nona- or decapeptide 
is an LHRH antagonist. 

4. The process of claim 3, wherein said nona- or decapeptide 

5 is Ac-D-2Nal-D-4ClPhe-D-3Pal-Ser-MeTyr-D-Asn-Leu-Lys (iPr) -Pro- 
D-Ala-NH 2 (I) . 

5. The process of claim 4, wherein Ac-D-2Nal-D-4ClPhe-D-3Pal- 
Ser-MeTyr-D-Asn-Leu-Lys(iPr)-Pro-D-Ala-NH2 (I) is obtained in 

10 form of the monoacetate. 



6. The process of claim 1, wherein the water content of the 
dissolution solvent mixture is below 5% (v/v) . 

15 7. The process of claim 1, wherein the volume ratio of the 
dissolution solvent mixture and the precipitation solvent 
mixture is at least 15. 

8. The process of claim 1, wherein the alcohol of the 
20 dissolution solvent mixture is ethanol . 

9. The process of claim 1, wherein the polar component of the 
precipitation solvent mixture is ethyl acetate. 

25 10. The process of claim 1, wherein the non-polar component of 
the precipitation solvent mixture is heptane. 

11. The monoacetate of Ac-D-2Nal-D-4ClPhe-D-3Pal-Ser-MeTyr-D- 
Asn-Leu-Lys (iPr) -Pro-D-Ala-NH2 . 



30 



